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(57) ABSTRACT

A surface mount crystal oscillator comprises a package body
having a first recess, a cover having a second recess, a crystal
blank secured to an inner bottom surface of the second recess,
and an IC chip secured to a bottom surface of the first recess.
The IC chip has an oscillation circuit using the crystal oscil-
lator integrated therein, and has IC terminals on one main
surface for connection to the outside. A first and a second
annular metal {ilm are disposed to surround open end surfaces
of the first recess and second recess, respectively. By bonding
the first and second annular metal films with an eutectic alloy,
the crystal blank and IC chip are hermetically sealed 1n a
space defined by the integrated first and second recesses.

6 Claims, 4 Drawing Sheets
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1
SURFACE MOUNT CRYSTAL OSCILLATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a crystal oscillator which
comprises a crystal blank and an IC (integrated circuit) chip
that has integrated therein an oscillation circuit using the
crystal blank, both of which are contained 1n a surface mount
package, and more particularly, to a surface mount crystal
oscillator which ensures an area for accommodating an IC
chip 1n a package.

2. Description of the Related Arts

Surface mount crystal oscillators, which have a quartz
crystal blank and an IC chip that has integrated therein an
oscillation circuit using the crystal blank, both of which are
contained 1n a surface mount package, are built in a variety of
portable electronic devices 1n particular as reference sources
for frequency and time because of their small sizes and light
weights. Particularly, a temperature compensated crystal
oscillators are widely employed in mobile telephones and the
like because such temperature compensated crystal oscilla-
tors provide a high frequency stability against variations in
ambient temperature. A representative surface mount crystal
oscillator 1s referred to as a one-chamber type which contains
an IC chip and a crystal blank in the same recess formed 1n a
package, for example, as shown 1n U.S. Pat. No. 6,720,837,

FIG. 1A illustrates a conventional surface mount crystal
oscillator 1n a one-chamber structure. The illustrated crystal
oscillator comprises IC chip 2 and crystal blank 3 accommo-
dated 1n a recess formed 1n package body 1 of a surface mount
type, and flat metal cover 4 placed over the recess to hermeti-
cally seal IC chip 2 and crystal oscillator 3. Package body 1 1s
formed of laminated ceramics which include flat and substan-
tially rectangular bottom wall layer 15, and frame wall layer
1a having a substantially rectangular opening. The opening
tormed through frame wall layer 1a defines a recess for con-
taining IC chip 2 and crystal blank 3. A step 1s formed on the
inner wall of frame wall layer 1a on one side, and a pair of
crystal holding terminals 6 are formed on the top surface of
the step for use 1n holding crystal blank 2.

Mounting terminals 5 are disposed at four corners of the
outer bottom surface of package body 1 for use 1n surface-
mounting the crystal oscillator on a wiring board. These
mounting terminals 35 1nclude a power supply terminal, a
ground terminal, an output terminal for providing an oscilla-
tion output, and the like. Shield electrode 7 1s also embedded
in bottom wall layer 15 for electromagnetically shielding IC
chip 2 from the wiring board. Shield electrode 7 1s electrically
connected to the ground terminal among mounting terminals
5.

IC chip 2 has electronic circuits, which include an oscilla-
tion circuit using crystal blank 3, integrated on a semiconduc-
tor substrate. The oscillation circuit 1s formed on one main
surface of the semiconductor substrate by a general semicon-
ductor device fabricating process. Here, a circuit forming
surface will refer to one of the two main surfaces of IC chip 2
on which the oscillation circuit 1s formed. A plurality of IC
terminals are also formed on the circuit forming surface for
connecting IC chip 2 to external circuits. The IC terminals
include a power supply terminal, a ground terminal, an oscil-
lation output terminal, a pair of connection terminals for
connection with crystal blank 3, and the like.

Circuit terminals are provided on the bottom surface of the
recess 1n package body 1 1n correspondence to the IC termi-
nals. The circuit terminals corresponding to the power supply
terminal, ground terminal, and oscillation output terminal on
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IC chip 2 are electrically connected to mounting terminals 5
through conductive paths routed on a plane 1n which frame
wall layer 1a 1s laminated on bottom wall layer 15, and on an
outer surface of package body 1. Circuit terminals corre-
sponding to the pair of connection terminals on IC chip 2 are
clectrically connected to the pair of crystal holding terminals
6 through via holes 11 extended through frame wall layer 1a
at positions of the step. IC chip 2 1s secured on the bottom
surface of the recess by electrically and mechanically con-
necting the IC terminals to the circuit terminals through ultra-
sonic thermo-compression bonding using bumps 8, such that
the circuit forming surface opposes the bottom surface of the
recess 1n package body 1. In a temperature compensated
crystal oscillator, IC chip 2 1s provided with write terminals,
which belong to the IC terminals, for writing temperature
compensation data into a temperature compensation mecha-
nism within IC chip 2. The write terminals are electrically
connected to external write terminals, not shown, disposed on
the outer side surface of package body 1.

Metal cover 4 1s bonded to ametal ring provided on an open
end face, that 1s, the upper surface of package body 1 which
surrounds the recess 1n package body 1, through seam or
beam welding, and 1s electrically connected to the ground
terminal within mounting terminal 5 through via hole 11
extended through frame wall layer 1a.

As illustrated 1n F1G. 1B, crystal blank 3, which comprises,
for example, a substantially rectangular AT-cut quartz crystal
blank, 1s formed with excitation electrodes 9a on both main
surfaces, respectively. From these excitation electrodes 9a,
lead-out electrodes 95 are extended toward both ends of one
side of crystal blank 3, respectively. Crystal blank 3 1s secured
to crystal holding terminals 6 with conductive adhesive 10 at
both ends of the one side thereot to which lead-out electrodes
956 are extended, thereby electrically and mechanically con-
necting crystal blank 3 to crystal holding terminals 6 and
holding crystal blank 3 within the recess.

However, in the surface mount crystal oscillator in the
foregoing configuration, the step 1s required on the inner wall
of package body 1 for holding crystal blank 3 because crystal
blank 3 1s positioned above IC chip 2 1n the recess of package
body 1, and the recess 1s closed by tlat metal cover 4. This
results 1n a lower proportion of an area available for accom-
modating IC chip 2 to the outer planar dimensions of package
body 1. Stated another way, assuming that IC chip 2 of the
same size 1s contained, package body 1 1s larger than that
which 1s not provided with the step, thus constituting impedi-
ments to a reduction in size of the crystal oscillator. Particu-
larly, the temperature compensated crystal oscillator requires
larger 1C chip 2 due to a temperature compensation mecha-
nism integrated in IC chip 2, so that the resulting crystal
oscillator has limitations to a reduction 1n size.

Japanese Patent Laid-open Application No. 2000-134037
(JP-A-2000-1340377) discloses a crystal oscillator which
includes a package body having a recess, an insulating cover
formed 1n a concave shape, an IC chip secured 1n the recess of
the package body, and a crystal blank secured 1n a concave
portion of the insulating cover, wherein the insulating cover 1s
secured to the package body with an anisotropic conductive
adhesive to seal the crystal blank and IC chip without forming
a step on the inner wall of the package. In this configuration,
the elimination of the need for the step formed on the inner
wall of the package body results 1n a higher proportion of an
area available for accommodating the IC chip to the outer
planar dimensions of the package body, thus making it pos-
sible to reduce the size of the crystal oscillator.

However, the crystal oscillator described 1n JP-A-2000-
134037 experiences difficulties in maintaining the airtight-
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ness or sealablility in a space 1n which the crystal blank 1s
sealed, and 1s prone to suifer from insuificient electric con-
nections between the crystal blank and IC chip, because the
insulating cover 1s secured to the package body with the
anisotropic conductive adhesive.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a surface
mount crystal oscillator which 1s capable of reducing the
outer planar dimensions thereof while ensuring an area avail-
able for accommodating an IC chip 1n a package, improving
the airtightness or sealability in a space in which a crystal
blank and the IC chip are contained, and ensuring electric
connections between the IC chip and crystal blank.

The object of the present invention 1s achieved by a surface
mount crystal oscillator which includes a package body hav-
ing a first recess, a cover having a second recess, a crystal
blank, and an IC chip having an oscillation circuit using the
crystal blank integrated therein, and having IC terminals on
one main surface thereof for use in connection to the outside,
wherein the IC chip 1s secured to an mner bottom surface of
the first recess, and a pair of crystal holding terminals are
disposed on an 1nner bottom surface of the second recess, the
crystal blank comprises excitation electrodes formed on a
pair of main surfaces, respectively, and a pair of lead-out
clectrodes extended respectively from the excitation elec-
trodes to both ends of one side of the crystal blank, both the
ends of the one side being secured to the pair of crystal
holding terminals, the package body has, on an open end
surface of the first recess, a first annular metal film formed to
surround the first recess, and a pair of first crystal connection
terminals electrically connected to the IC terminals electri-
cally independently of the first annular metal film, the cover
has, on an open end surface of the second recess, a second
annular metal film formed to surround the second recess, and
a pair of second crystal connection terminal electrically con-
nected to the crystal holding terminals electrically indepen-
dently of the second annular metal film, the cover 1s bonded to
the package body by bonding the first annular metal film and
the second annular metal film with an eutectic alloy to inte-
grate the first and second recesses, to hermetically seal the
crystal blank and the IC chip 1n a space defined by the inte-
grated first and second recesses, and the first crystal connec-
tion terminals and the second crystal connection terminals are

bonded with an eutectic alloy to electrically connect the crys-
tal blank to the IC chip.

In the present invention, the cover 1s preferably made of an
insulating material. More preferably, the package body and
cover are both made of laminated ceramics.

In the configuration as described above, since the crystal
blank 1s secured to and held on the inner bottom surface of the
cover, the package body need not be provided with a step on
the inner wall of the recess, thus making 1t possible to increase
an area available for accommodating the IC chip 1n the pack-
age body. The present invention 1s particularly suitable for a
reduction 1n size of a surface mount crystal oscillator which
has highly functional added values such as a surface mount
temperature compensated crystal oscillator. Also, since the
first and second annular metal films are connected with the
cutectic alloy, and the first and second crystal connection
terminals are also bonded with the eutectic alloy, the airtight-
ness of sealability 1s improved between the package body and
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4

insulating cover, and the reliability of the electric connection
between the IC chip and crystal blank 1s also improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a cross-sectional view 1llustrating the configu-
ration of a conventional surface mount crystal oscillator;

FIG. 1B 1s a plan view 1illustrating a crystal blank;

FIG. 2 1s a cross-sectional view illustrating the configura-
tion of a surface mount crystal oscillator according to one
embodiment of the present invention;

FIG. 3A 1s a plan view 1llustrating a package body;

FIG. 3B 1s a plan view illustrating an insulating cover;

FIG. 4A 1s a cross-sectional view 1llustrating the configu-
ration ol a surface mount crystal oscillator according to
another embodiment of the present invention; and

FIG. 4B 1s a top plan view illustrating an msulating cover
for use 1n the crystal oscillator 1llustrated 1n FIG. 4A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 2 which 1llustrates a surface mount crystal oscilla-
tor according to one embodiment of the present invention, the
same components as those in FIG. 1A are designated the same
reference numerals, and repeated descriptions will be omut-
ted.

The surface mount crystal oscillator 1llustrated in FIG. 2
comprises package body 1 of a surface mount type having a
recess, and msulating cover 4A formed in a concave shape.
Insulating cover 4A 1s bonded to package body 1A for inte-
gration such that the recess of package body 1A opposes the
recess of insulating cover 4, to hermetically seal IC chip 2 and
quartz crystal blank 3 in a space defined by package body 1A
and 1nsulating cover 4A. Package body 1A 1s formed of
laminated ceramics which include flat and substantially rect-
angular bottom wall layer 15, and frame wall layer 1a having
a substantially rectangular opening. The opening formed
through frame wall layer 1a defines a recess. Mounting ter-
minals 5 are disposed at four comers of the outer bottom
surface of package body 1A for use 1n surface mounting the
crystal oscillator on a wiring board 1n a manner similar to the
toregoing. Shield electrode 7 1s disposed on a plane 1n which
ceramic sheets 1n bottom wall layer 15 are laminated on each
other. Shield electrode 7 1s connected to a ground terminal
within mounting terminals 5. External write terminals (not
shown) are provided on the outer side surface of package
body 1 for use 1n writing temperature compensation data to a
temperature compensation mechanism within IC chip 2

On an open end surface which surrounds the recess of
package body 1A, first annular metal film 12a 1s disposed to
make a round along the periphery of the recess, as 1llustrated
in FIG. 3A. First annular metal film 12q 1s electrically con-
nected to the ground terminal within mounting terminals 3
through via hole 11 extended through frame wall layer 1a of
package body 1A. In addition, a pair of {irst crystal connec-
tion terminals 13a are disposed, electrically independently of
first annular metal film 12a, extending inwardly from one side
of package body 1A on the open end surface.

Insulating cover 4 A 1s formed of laminated ceramics which
include flat and substantially rectangular bottom wall layer
da, and frame wall layer 45 having a substantially rectangular
opening. The opening formed through frame wall layer 45
defines a recess. On an open end surface which surrounds the
recess of insulating cover 4A, second annular metal film 1256
1s disposed to make a round along the periphery of the recess,
as 1llustrated 1n FIG. 3B. A pair of second crystal connection
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terminals 135 are also disposed, electrically independently of
first annular metal film 125, extending inwardly from one side
of insulating cover 4A on the open end surface. Second annu-
lar metal film 126 and second crystal connection terminals
135 are formed at positions which correspond to the positions
at which first annular metal film 12a and first crystal connec-
tion terminals 13aq are formed in package body 1, respec-
tively.

A pair of crystal holding terminals 6 for holding crystal
blank 3 are disposed at both ends on one side of the bottom
surface ol the recess in isulating cover 4A, 1.¢., on the surface
of bottom wall layer 4a. Crystal holding terminals 6 are
clectrically connected to second crystal connection terminals
135 through via holes 11 extended through frame wall layer
4b. A pair of no crystal testing terminals 14 are also disposed
on outer side surfaces and/or top surface of insulating cover
4A. Crystal testing terminals 14 are electrically connected to
crystal holding terminals 6, respectively, through conductive
paths routed on a plane 1 which frame wall layer 45 1s
laminated on bottom wall layer 4a. Shield electrode 7 1is
disposed on a plane 1n which one ceramic sheet 1s laminated
on another within bottom wall layer 4a. Shield electrode 7 1s
clectrically connected to second annular metal film 1256
through via hole 11.

IC chip 2 has 1ts circuit forming surface secured to the inner
bottom surface of package body 1A through ultrasonic
thermo-compression bonding using bumps 8. Among IC ter-
minals of IC chip 2, a power supply terminal, an output
terminal, a ground terminal and the like are electrically con-
nected to mounting terminals 3.

Crystal blank 3 described 1n connection with FIG. 1B 1s
employed herein, and 1s held under msulating cover 4A by
securing both ends of one side, from which lead-out elec-
trodes 9b extend, to crystal holding terminals 6 with conduc-
tive adhesive 10.

In the crystal oscillator of this embodiment, first annular
metal film 12a on package body 1A 1s bonded to second
annular metal film 126 on insulating cover 4A to integrate
package body 1A with mnsulating cover 4A, with the result
that IC chip 2 and crystal blank 3 are hermetically sealed in a
space defined by package body 1A and insulating cover 4A.
Insulating cover 4A 1s bonded to package body 1A, for
example, by applying eutectic alloy 15 on first annular metal
film 12a on package body 1A, and bonding the open end
surface of package body 1A to the open end surface of insu-
lating cover 4A 1n opposition to each other through thermo-
compression bonding. In this event, first crystal connection
terminals 13a on package body 1A are also applied with
cutectic alloy 15, such that first crystal connection terminals
13a are bonded to second crystal connection terminals 135
simultaneously through the thermo-compression bonding.
Stated another way, the open end surfaces of package body 1
and insulating cover 4A are placed in opposition to each
other, first and second annular metal films 12q, 126 are
bonded with eutectic alloy 15, and simultaneously, first and
second connection-terminals 13a, 135 are bonded with eutec-
tic alloy 15.

In the manufacturing of such a crystal oscillator, a process
of securing IC chip 2 to package body 1A, and a process of
securing crystal blank 3 to insulating cover 4 A are performed
in parallel 1n different processes from each other. Then, after
crystal blank 3 1s secured to insulating cover 4A to create an
assembly, oscillation characteristics of crystal blank 3, which
serves as a crystal element, are measured through crystal
testing terminals 14, for example, before insulating cover 4A
1s bonded to package body 1A. If any defect 1s found 1n crystal
impedance (CI) or the like, the assembly 1s removed from
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subsequent processes. Further, after bonding insulating cover
4 A to package body 1A, the oscillation characteristics of the
crystal blank as a crystal element are measured through crys-
tal testing terminals 14 in order to confirm the presence or
absence of influences on the bonding.

In the foregoing configuration, since crystal blank 3 1s
secured to and held on the 1nner bottom surface of insulating
cover 4A, package body 1A need not be provided with a step
on the inner wall thereof, which has been required for con-
ventional crystal oscillators. As a result, a larger area can be
made available for accommodating IC chip 2 1n package body
1A by the eliminated step, thus accomplishing a reduction 1n
size ol the surface mount crystal oscillator. Particularly,
according to this configuration, even when package body 1A
1s reduced 1n the outer planar dimensions, package body 1A
can accommodate large IC chip 2 which has a temperature
compensation mechanism integrated therein.

In this embodiment, since first annular metal film 124 on
package body 1A 1s bonded to second annular metal film 1256
on 1nsulating cover 4 A with eutectic alloy 15, the airtightness
or sealability can be improved as compared with glass seal-
ing, resin sealing and the like. In addition, a mechanical
strength can be ensured with reliability. Further, since first
and second crystal connection terminals 13a, 135 are also
bonded with the eutectic alloy, IC chip 2 can be electrically
connected to crystal blank 3 with reliability.

By providing msulating cover 4A with crystal testing ter-
minals 14, the oscillation characteristics of the crystal ele-
ment (1.e., crystal blank 3) can be independently measured
before and after insulating cover 4A 1s bonded to package
body 1A. Itis therefore possible to detect defects when crystal
blank 3 1s secured to insulating cover 4A, and after insulating
cover 4A 1s bonded to package body 1A, to improve the cost
eiliciency and reliability. Crystal testing terminals 14 may be
disposed only on the outer side surfaces of insulating cover
4 A or only on the top surface of the same. In this connection,
when crystal testing terminals 14 are provided on the top
surface of insulating cover 4A, crystal testing terminals 14
can be increased 1n area to facilitate bringing a measuring
probe 1nto contact with crystal testing terminals 14, resulting
in improved workability. Also, 1n this crystal oscillator, since
shield electrode 7 1s disposed 1n lamination plane within
insulating cover 4A as well, this shield electrode 7 can pre-
vent, together with shield electrode 7 in package body 1A,
noise from introducing or radiating from both main surfaces
of the crystal oscillator having a flat shape, to provide reliable
EMI (electromagnetic immunity) countermeasures. In an
alternative configuration, shield electrode 7 may be disposed
on the mner bottom surface or outer surface of insulating
cover 4A.

In the crystal oscillator described above, crystal testing
terminals 14 alone are disposed on the side surfaces and/or
top surface of insulating cover 4A, but alternatively, a pair of
external write terminals 16, for example, may be disposed on
the top surface and/or side surface of insulating cover 4A for
use 1 writing temperature compensation data, in addition to
a pair of crystal testing terminals 14, for example, as 1llus-
trated 1n FIGS. 4A and 4B. In this configuration, I1C chip 2 1s
clectrically connected to external write terminals 16 by bond-
ing a pair of connection terminals 17a disposed on the open
end surface of package body 1A to a pair of connection
terminals 175 disposed on the open end surface of insulating
cover 4A with eutectic alloy 15. Connection terminals 17a,
176 provided herein may be similar to crystal connection
terminals 13a, 1354.

Each of the foregoing crystal oscillators 1s provided with
mounting terminals at the four corners on the outer bottom
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surface of package body 1A such that package body 1A 1s
attached to a wiring board. Alternatively, terminals for con-
nection to the power supply terminal, output terminal, and
ground terminal within the IC terminals may be disposed on
the outer surface of msulating cover 4A such that insulating
cover 4A 1s attached to a wiring board. When these terminals
are disposed on the outer surface of insulating cover 4A, the
crystal testing terminals and external write terminals can be
disposed on any surface except for the top surface of isulat-
ing cover 4A.

Further, 1n the present invention, crystal testing terminals
14 may be provided on outer side surfaces of package body
1A, mstead of msulating cover 4A. While the foregoing
description has been made on the assumption that the crystal
oscillator 1s a temperature compensated type, crystal oscilla-
tor to which the present invention can be applied are not
limited to the temperature compensated type, but the present
invention can be applied to any arbitrary type of surface
mount crystal oscillators.

What 1s claimed 1s:

1. A surface mount crystal oscillator, comprising:

a package body having a {irst recess;

a cover having a second recess;

a crystal blank; and

an IC chip having an oscillation circuit using said crystal
blank integrated therein, and having IC terminals on one
main surface thereof for use 1in connection to outside,

wherein said 1C chip 1s secured to an inner surface of said
first recess, and a pair of crystal holding terminals are
disposed on an mner surface of said second recess,

said crystal blank comprises excitation electrodes formed
on a pair of main surfaces, respectively, and a pair of
lead-out electrodes extended respectively from said
excitation electrodes to both ends of one side of said
crystal blank, wherein both said ends of the one side are
secured to said pair of crystal holding terminals,

said package body has, on an open end surface of said first
recess, a first annular metal film formed to surround said
first recess, and a pair of first crystal connection termi-
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nals electrically connected to said IC terminals electri-
cally independently of said first annular metal film,

said cover has, on an open end surface of said second
recess, a second annular metal film formed to surround
said second recess, and a pair of second crystal connec-
tion terminal electrically connected to said crystal hold-
ing terminals electrically independently of said second
annular metal film,
said cover 1s bonded to said package body by bonding said
first annular metal film and said second annular metal
{1lm with an eutectic alloy 1n a first eutectic alloy bond to
integrate said first and second recesses and to hermeti-
cally seal said crystal blank and said IC chip 1n a space
defined by said integrated first and second recesses, and

said first crystal connection terminals and said second crys-
tal connection terminals are bonded with an eutectic
alloy 1n a second eutectic alloy bond to electrically con-
nect said crystal blank to said I1C chip, wherein the first
cutectic alloy bond that bonds the first annular metal film
and the second annular metal film 1s separated from the
second eutectic alloy bond that bonds the first crystal
connection terminals and the second crystal connection
terminals.

2. The crystal oscillator according to claim 1, wherein said
cover 1s made of an 1nsulating material.

3. The crystal oscillator according to claim 2, wherein said
package body and said cover are both made of laminated
ceramics.

4. The crystal oscillator according to claim 2, further com-
prising a shield electrode disposed 1n said cover and electri-
cally connected to said second annular metal film.

5. The crystal oscillator according to claim 1, further com-
prising crystal testing terminals disposed on an outer surface
of said cover and electrically connected to said crystal hold-
ing terminals.

6. The crystal oscillator according to claim 1, further com-
prising a shield electrode disposed 1n said package body and
clectrically connected to said first annular metal film.
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